Leishmaniasis is an arthropod-borne disease that affects approximately 2 million people worldwide annually. The aims of this study were to detect the presence of Leishmania (Kinetoplastida: Trypanosomatidae) DNA and the feeding preferences of probable vector species in an endemic focus of Leishmania infantum in Turkey. Entomological sampling was performed in August and October 2015 in Aydın province, where cases of human and canine leishmaniasis have been reported previously. A total of 1059 sandfly specimens comprising nine species belonging to two genera, Phlebotomus and Sergentomyia (both: Diptera: Psychodidae), and five subgenera of the Phlebotomus genus (Phlebotomus, Paraphlebotomus, Larroussius, Adlerius and Transphlebotomus) were collected in five villages. Among all Phlebotomus specimens, Phlebotomus neglectus (39%) was noted as the most abundant species, followed by Phlebotomus tobbi (18%). Leishmania DNA was detected in pools from P. neglectus, P. tobbi and Sergentomyia dentata by kDNA polymerase chain reaction (PCR). Leishmania DNA from Phlebotomus specimens was identified as L. infantum, but Leishmania DNA from Sergentomyia spp. could not be identified to species level by ITS-1 real-time PCR. The detection of Leishmania DNA in wild-caught P. neglectus and the high percentage (24.2%) of human DNA in engorged specimens suggests that P. neglectus is probably an important vector species for L. infantum in Aydın province.
Introduction
Leishmaniasis is a vector-borne disease caused by a unicellular parasite belonging to the genus Leishmania. Leishmaniasis remains one of the most neglected diseases and affects mostly underdeveloped and poor countries. According to World Health Organization (WHO) reports, an estimated 1.3 million new cases and up to 30 000 deaths occur annually (Alvar et al., 2012) . In Turkey, two main complexes (Leishmania donovani/infantum and Leishmania tropica) play roles in the transmission of visceral leishmaniasis (VL), cutaneous leishmaniasis (CL) and Correspondence: Mehmet Karakuş, Faculty of Medicine, Department of Parasitology,Ege University, Bornova, 35100 Izmir, Turkey. Tel.: + 90 232 390 47 24; Fax: + 90 232 390 47 13; E-mail: mehmetk1986@yahoo.com canine leishmaniasis (CanL). Visceral leishmaniasis is reported to be endemic in the Mediterranean, Aegean and Central Anatolian regions and has been reported sporadically in other areas. According to Turkish Ministry of Health records, 46 003 CL cases were reported between 1990 and 2010 in Turkey and 196 cases were reported between 1996 and 2014 in the city of Aydın (Ertabaklar et al., 2016) . The causative agent of VL was identified as L. infantum in the Aegean region and dogs are accepted as the primary reservoirs (Özbel et al., 1995) . Canine leishmaniasis is one of the major veterinary problems in Turkey and has been reported since 1993 in Aydın province. In recent years, both L. donovani and L. tropica have been reported as causative agents for VL in Turkey (Koltas et al., 2014) .
Phlebotomine sandflies are the only proven arthropod vectors for the transmission of leishmaniasis. Among the over 800 phlebotomine sandfly species estimated to exist, only 98 species of the Phlebotomus and Lutzomyia genera are currently proven or suspected vectors of human leishmaniasis (Maroli et al., 2013) . In Turkey, 25 species of Phlebotomus (two of which are newly described and are of unclear vectorial status) have been reported (Kasap et al., 2015) . The first detection of natural L. infantum causing CL was performed by the direct dissection of sandflies in Çukurova plain (Svobodova et al., 2009) . Phlebotomus neglectus is known to transmit the causative agent for VL in some endemic areas of the Mediterranean basin (Maroli et al., 2013) . Entomological surveys and risk-modelling studies have also shown P. neglectus to be a potential vector species for VL in Aydın province (Olgen et al., 2012) .
Members of the Sergentomyia genus are known to be responsible for the transmission of Sauroleishmania agents because they mostly prefer to feed on lizards (Bates, 2007) . The role of Sergentomyia spp. in the transmission of Leishmania is still unclear. DNA of various Leishmania spp. and Leishmania-like promastigotes were detected in Sergentomyia spp., but no study to date has demonstrated the potential transmission of human pathogenic Leishmania spp. by Sergentomyia spp. (Berdjane-Brouk et al., 2012; Campino et al., 2013) . In Turkey, the initial detection of the Sauroleishmania agent in Sergentomyia dentata was performed in the town of Kuşadası in Aydın province by microscopic examination (Özbel et al., 2015) .
In the present study, five villages in Aydın province were selected for investigation based on reports of leishmaniasis cases. The vectorial status of Phlebotomus tobbi in Aydın has been well described (Özbel et al., 2015) , but there have been no reports on the most likely vector species, P. neglectus (Olgen et al., 2012) . Furthermore, there are no reports on the host-feeding preferences of either P. neglectus or species of the Sergentomyia genus in Turkey. Thus, the present study was designed to screen for the presence of Leishmania DNA and to assess host-feeding preferences among wild-caught sandflies using molecular techniques.
Materials and methods

Study area and sampling
Five villages (Başçayır, Cumayanı, Ketendere, Sailer and Karatepe) located in inland Aydın province were selected according to previously recorded human VL, CL and CanL cases. Collections were performed during 28-31 August and 1-3 October 2015. Thirty-two sampling stations in five villages were selected for entomological sampling. Centers for Disease Control (CDC) miniature light traps (John W. Hock Co., Gainesville, FL, U.S.A.) were set up in animal barns, poultry facilities and at possible resting places of sandflies. Light traps were set up in late afternoon and collected by dawn. The following day, sandflies were transferred from cotton cages to 95% ethanol for species identification and further molecular analysis. In view of the low light attractiveness of some species, sticky traps were used as a complementary method to light trap sampling. Sticky traps were prepared with A4-size (210 mm × 297 mm) white paper using castor oil. At each village, 30-40 sticky traps were placed inside and outside animal barns. Each sticky trap was numbered and collected after three nights of trapping.
Species identification and molecular screening for Leishmania infection
For sandfly species identification, wild-caught sandflies were dissected, clarified and mounted. To eliminate the risk for contamination between dissections, needles were soaked in 70% alcohol and flame-heated. The head and genitalia were examined for morphological features and specimens were identified to species using keys for Mediterranean sandflies (Perfil'ew, 1968; Lewis, 1982; Artemiev & Neronov, 1984; Killick-Kendrick et al., 1991) . The remaining body parts were stored in sterile 0.2-mL tubes for further molecular experiments.
To investigate Leishmania infection among the sandflies collected, monospecific pools were generated using five to 10 female sandfly specimens with digested blood in their bodies by transferring them to ZR Bashing Bead™ tubes (Zymo Research Corp., Irvine, CA, U.S.A.). Reference strain DNA (MHOM/TN/80/IPT-1) was used as a positive control and male sandfly body parts were used as a negative control. Sandfly pools were homogenized using the Magna Lyser (Roche Molecular Diagnostics, Mannheim, Germany) at 7000 g for 90 s. Homogenates were resuspended in a 200-L volume of Qiagen ® tissue lysis buffer (Qiagen GmbH, Hilden, Germany) and incubated at 56 ∘ C overnight. After the incubation step, DNA extractions were performed using a DNeasy Blood & Tissue Kit (Qiagen GmbH), and the last elution step was performed in a 50-L volume of elution buffer to obtain a high yield of DNA.
Leishmania genus-specific kDNA primers (JW11/JW12) were used to screen for infection in the collected sandflies. Real-time polymerase chain reaction (RT-PCR) was conducted using the SYBR Green I Master Kit (Roche Diagnostics, Meylan, France) according to a previously reported PCR profile (Nicolas et al., 2002) .
To identify Leishmania species from kDNA RT-PCR-positive samples, RT-PCR targeting of the internal transcribed spacer 1 (ITS-1) region between the 18S and the 5.8S rRNA genes was performed using species-specific primers for detecting L. donovani/infantum complex, L. tropica and Leishmania major (Özensoy Töz et al., 2013) . Polymerase chain reaction was performed using 20 ng of genomic DNA, 10 pmol of each primer, 200 nM of each probe and 20 L QuantiTect ® Probe PCR mix (Qiagen GmbH) per reaction. Melting curves were generated using channels 2 and 3. Conventional ITS-1 PCR was performed to obtain sequence data for RT-PCR-positive specimens. Primers and PCR conditions were applied as reported previously (El Tai et al., 2000) . The minimum infection rate (MIR) was calculated as follows: (number of positive pools/total specimens tested) × 100 (Mullen & Durden, 2009 ).
Cytochrome b gene-based bloodmeal identification
After dissection and species identification, the abdomens of freshly blood-fed female sandflies were separated and crushed using disposable needles. Male sandflies were included in the study as a negative control group. Blood samples obtained from different animals (e.g. cattle, dog and cat) were included in the study as positive controls. DNA extractions were completed using the DNeasy Blood & Tissue Kit and the final elution step was modified to 50 L to obtain a high yield of DNA. Total genomic DNA was amplified with primers (CytAVZF/CytAVZR) and PCR conditions as published previously (Berdjane-Brouk et al., 2012) . The PCR products were visualized on a 1.2% agarose gel and positive samples were commercially sequenced (MedSanTek Co. Ltd, Istanbul, Turkey) after a purification step. Raw sequence data were analysed using geneious R8 software (http:www.geneious.com). Sequences were compared with previously submitted sequence data in GenBank using a basic local alignment search tool (blast) (http:// www.ncbi.nlm.nih.gov/BLAST) and submitted to GenBank.
Results
Faunistic results
A total of 1059 sandflies belonging to two genera [Phlebotomus (73%) and Sergentomyia (27%)] and five subgenera of the Phlebotomus genus (Phlebotomus, Paraphlebotomus, Larroussius, Adlerius and Transphlebotomus) were collected in five villages. The composition by species of wild-caught sandflies collected by sticky traps and CDC light traps in the five villages is shown in Table 1 . Phlebotomus neglectus was found to be the dominant species (39%) in the study area, followed by P. tobbi (18%).
Twenty-three specimens could not be identified as a result of physical damage and 42 of the dissected sandflies were identified only to genus and subgenus levels (29 Larroussius and 13 Adlerius, respectively). The overall sex (female : male) ratio was 650 : 409 and the ratio of blood-fed to non-blood-fed females was 123 : 527.
Molecular screening for Leishmania infection
A total of 28 monospecific pools (eight P. tobbi, 10 S. dentata, six P. neglectus and four Phlebotomus alexandri) containing 268 specimens in total were generated. Seven pools (three P. tobbi, one S. dentata and three P. neglectus) were found to be positive for the presence of Leishmania DNA by kDNA PCR. The MIRs of P. neglectus, P. tobbi and S. dentata were calculated to be 5.17, 3.84 and 1.03%, respectively. Two out of three Leishmania-positive P. tobbi pools contained specimens from Ketendere, and the remainder contained specimens from Bascayır village. All positive P. neglectus pools consisted of specimens from Ketendere village and one positive S. dentata pool was generated using specimens from Karatepe village. All Leishmania-positive pools were found to have been collected in the first sampling period. Species identification of the kDNA-positive samples was conducted using ITS-1 RT-PCR. Both P. tobbi and P. neglectus specimens were found to be positive for L. infantum. The Leishmania obtained from the S. dentata specimen could not be identified to species level; the melting temperature was noted as 63 ∘ C. Sequence analysis revealed a 95% similarity to Leishmania tarentolae according to blast. The sequence was submitted to GenBank (accession no. KX035099).
Cytochrome b gene-based bloodmeal identification
A total of 37 freshly blood-fed female sandflies (10 S. dentata, 10 P. neglectus, 10 P. tobbi, three P. alexandri and four Phlebotomus papatasi) were tested to identify the vertebrate source of the bloodmeal to reveal the host preferences in the study area. DNA could not be amplified in 12 (three P. alexandri, four P. papatasi and five S. dentata) specimens, probably because of low blood retention in the midgut. Sequence data were obtained for all positive samples and blood-feeding preferences were determined according to similarity results (> 99%) in blast analysis (Table 2) . Sequence data for the 25 samples that were successfully amplified were submitted to GenBank (accession nos. (KX348238-KX348262).
Discussion
Since 1993, the province of Aydın in western Turkey has been known to be endemic for CL, VL and CanL. Previous studies reported that nine proven or probable vector species were present in Turkey (Killick-Kendrick, 1990; Özbel et al., 2011) . In the study area, Özbel et al. (2011) conducted the first entomological sampling and reported 11 Phlebotomus and three Sergentomyia species that included proven or probable vectors for CL and VL. In the present study, two previously reported (S. dentata and Sergentomyia minuta) and one newly reported (Sergentomyia antennata) Sergentomyia species were found in Aydın, and were mostly collected by sticky traps. Only male specimens of the Phlebotomus genus (P. neglectus and P. tobbi) were caught by sticky traps in Karatepe village. As reported by Kasap et al. (2015) , proper identification of the subgenus Transphlebotomus remains difficult and relies mainly on molecular markers. Therefore, two specimens collected from Ketendere village were identified only to subgenus level.
Phlebotomus neglectus, the proven vector for CanL and zoonotic VL in some endemic areas of the Old World (Killick- Kendrick, 1990) , was the dominant species in the study area, as has been reported previously (Özbel et al., 2011) . The isolation and molecular characterization of L. infantum in P. neglectus specimens in Mediterranean basin countries have been described previously (Léger et al., 1988; Maroli et al., 2013) . The vectorial status of P. neglectus was also studied in zoonotic VL endemic areas of Turkey (Yaman & Özbel, 2004; Özensoy Töz et al., 2009) by the direct dissection method, but promastigotes could not be demonstrated in the midgut. The present study represents the first molecular screening for Leishmania infection among wild-caught P. neglectus specimens in Turkey; three of the generated pools were found to be positive - for L. infantum. The second most dominant sandfly species in this study was P. tobbi, the vectorial status of which was proven by the microscopic demonstration of promastigotes in both the Çukurova region and the province of Aydın (Svobodova et al., 2009; Özbel et al., 2015) . Although the presence of DNA of human pathogenic Leishmania in Sergentomyia spp. has been reported in previous studies (Mukherjee et al., 1997; Campino et al., 2013) , the vector competence of Sergentomyia spp. is still unclear. Experimental infection of Sergentomyia schwetzi with L. infantum, L. donovani and L. major failed to demonstrate the late stages of promastigotes in the gut (Sadlova et al., 2013) . Sergentomyia spp. are proven vectors of Sauroleishmania agents and microscopic detection was recently reported in Turkey (Özbel et al., 2015) . In the present study, S. dentata was found to be positive for Leishmania sp. by both conventional and real-time PCR targeting the ITS-1 gene region. Sequence analysis found L. tarentolae with > 95% similarity according to blast analysis.
Cytochrome b-based blood source analysis is an efficient method of elucidating the behaviour of vector or non-vector arthropods in the context of public health. In previous studies, different host preferences were noted for P. tobbi in Turkey. Svobodova et al. (2009) reported that the major blood source for P. tobbi in the Çukurova region of Turkey, where CL caused by L. infantum is hyperendemic, was cattle (70%), followed by humans (10%). Another study conducted by Özbel et al. (2015) revealed the preference of P. tobbi for human blood (80%). In the present study, most of the P. tobbi specimens were found to have fed on dogs (70%), followed by humans (30%). This is the first study to investigate the feeding preferences of P. neglectus in Turkey. The results of the current bloodmeal tests show that the majority of the successfully amplified specimens of P. neglectus had fed on humans (50%). Moreover, the detection of domestic animal blood (dog and cat) in P. neglectus highlights the possible role of this species in both canine and feline leishmaniases, which have been previously reported in the study area (Paşa et al., 2015) . The bloodmeal profile of Sergentomyia spp. was evaluated in previous studies, in which members of this genus were shown to feed on humans (Berdjane-Brouk et al., 2012) and other mammals (Jaouadi et al., 2013) . None of the Sergentomyia specimens tested in the present study were found to be positive for human blood, but they were positive for the presence of blood from certain mammals (dog, cat and house mouse) in their guts.
In the present study, none of the tested specimens were found to have a mixed blood source and 12 samples could not be amplified by PCR. The failure to demonstrate a mixed blood source in sandfly specimens presumably reflects competition in PCR amplification. Blood retention in the gut is another reason for unsuccessful amplification of the target gene (Berdjane-Brouk et al., 2012) . Therefore, of the blood-fed specimens collected, only 25 were successfully amplified in the present study.
Molecular tools for screening for Leishmania infection in sandflies are fast and specific in comparison with the classical midgut dissection method. The PCR technique is widely used in many endemic countries, as well as in Turkey, to reveal the infection status of sandflies (Campino et al., 2013; Özbel et al., 2015) , but the molecular detection of Leishmania spp. is not sufficient to incriminate a species as a vector. One of five important criteria to incriminate a species as a vector is the microscopic demonstration of infective forms of Leishmania spp. (Killick-Kendrick, 1990 ). However, this is not sufficient for vector identification. Seblova et al. (2012) demonstrated the promastigote forms of Leishmania in the gut of biting midges and indicated their presence up to 2 days after feeding. This illustrates that more attention should be paid to the avoidance of incorrect and alternative vector identifications.
In conclusion, the presence of L. infantum DNA in wild-caught P. neglectus and P. tobbi was detected in this study. Bloodmeal analysis revealed that humans were one of the important sources of blood for proven and highly suspected vector species in the study area. The data obtained in this study suggest that P. neglectus may act as a vector of both CanL and human VL in Aydın province. Knowledge of the probable vectors and their blood-feeding preferences in endemic areas is crucial to the planning of strategic control methods.
